Analysis of 16S rRNA gene clone libraries from acidic mining lake water and sediment, and from an enclosure to which organic carbon was added to stimulate microbial alkalinization processes of sulfate and iron reduction revealed the presence of diverse sequences affiliated with the Acidobacteria subdivision 1. A novel oligonucleotide probe, ACIDO228, was designed that covered most sequences of Acidobacteria subdivision 1. The hybridization conditions were optimized using the type strain Acidobacterium capsulatum. The depth distribution and seasonal dynamics of Acidobacteria in the lake and the enclosure were assessed by whole cell hybridization. Sequence analyses and in situ quantification indicated that Acidobacteria accounted for a substantial part of bacterioplankton communities in both compartments. During the summer stratification distinct maxima of acidobacterial abundance were detected in the hypolimnion (up to 13% of total cell numbers), whereas during spring and autumn circulations no clear depth-dependent differences were visible. These data suggest that Acidobacteria thrive best in the hypolimnion, which is characterized by lower temperatures and higher availability of organic substrates. The application of probe ACIDO228 provided quantitative information on the seasonal and depth distribution of Acidobacteria in a lake environment and in particular in a rather extreme habitat, an acidic mining lake.
Introduction
Acidobacteria are widely distributed in various terrestrial and aquatic environments. Molecular biological surveys based on rRNA genes revealed that members of this phylum account for substantial proportions of the microbial communities in soils, sediments and wetlands (Ludwig et al., 1997; Hugenholtz et al., 1998; Barns et al., 1999 Barns et al., , 2007 Brofft et al., 2002; Zimmermann et al., 2005; Chan et al., 2006; Janssen, 2006; Eichorst et al., 2007; Meisinger et al., 2007) , acidic bogs (Juottonen et al., 2005; Dedysh et al., 2006) , acid mine drainage (Edwards et al., 1999) , and wastewater systems (Bond et al., 1995; Crocetti et al., 2002) . The phylum Acidobacteria was first defined in 1997 (Ludwig et al., 1997) and previously divided into eight subdivisions (Hugenholtz et al., 1998) . Recently a classification into 11 (Zimmermann et al., 2005) or even 26 subgroups (Barns et al., 2007) has been suggested. The branching depth of acidobacterial clades is nearly as great as in the Proteobacteria phylum (Hugenholtz et al., 1998) . Thus, Acidobacteria are assumed to be genetically and metabolically diverse and, due to their ubiquity and abundance in various ecosystems, likely to play an important role in biogeochemical processes (Barns et al., 1999) .
Up to now the phylum Acidobacteria is represented by only three validly described species (Kishimoto et al., 1991; Liesack et al., 1994; Coates et al., 1999) . Recently a novel genus within subdivision 1, Terriglobus, has been suggested (Eichorst et al., 2007) . Despite the difficulties in cultivating these bacteria, during recent years improved cultivation methods resulted in the isolation of novel members of this phylum from soil samples Sait et al., 2002 Sait et al., , 2006 Joseph et al., 2003; Davis et al., 2005; Eichorst et al., 2007) , termite gut samples (Stevenson et al., 2004) and acid mine drainage waters (Hallberg & Johnson, 2003; Hallberg et al., 2006; Diaby et al., 2007) . Most of these isolates were affiliated with subdivision 1, and recent culturing approaches revealed some specific growth requirements of this subdivision (Sait et al., 2006; Eichorst et al., 2007) . Although rRNA gene clone libraries and cultivation studies indicate that members of subdivision 1 prefer a moderately acidic pHrange, little is known about the physiology and ecology of these Acidobacteria. Thus, to investigate their distribution and function in the environment, culture-independent methods for in situ detection and quantification are needed.
FISH with rRNA-targeted oligonucleotide probes is a well established method for the in situ identification and quantification of microorganisms (Amann et al., 1995) . Several oligonucleotide probes specific for Acidobacteria have been described, but either they cover only a minor fraction of the target group (Ludwig et al., 1997; Hallberg et al., 2006) or they include a large number of nontarget sequences (Juretschko et al., 2002; Meisinger et al., 2007) .
Here the analysis of acidobacterial 16S rRNA gene sequences in water and sediment clone libraries obtained from an acidic mining lake that had been subjected to a passive in situ remediation experiment was reported. Based on the retrieved sequence information, a novel oligonucleotide probe covering most sequences of Acidobacteria subdivision 1 was designed and applied to assess the depth distribution and seasonal dynamics of Acidobacteria in this extreme habitat.
Materials and methods

Study site and sampling
The study site was the small acidic mining lake 111 in the former opencast lignite mine Plessa near Lauchhammer, Germany (51129 0 N, 13138 0 E). Detailed descriptions of morphology, water chemistry, hydrogeology, physical characteristics and biogeochemistry are given elsewhere (Büttner et al., 1998; Herzsprung et al., 1998; Bozau & Strauch, 2002; Karakas et al., 2003; Meier et al., 2004) . Mining lake 111 is a shallow lake consisting of three basins with a total surface area of 107 000 m 2 , a mean depth of 4.5 m and a maximum depth of 10.2 m. The pH of the water is around 2.6 and average concentrations of sulfate and dissolved iron are 13.5 and 2.7 mM, respectively.
In July 2001, a pilot scale neutralization experiment was started. An enclosure with a diameter of 30 m was installed in the northern basin at a water depth of 6.5 m. The enclosure holds 5000 m 3 of lake water corresponding to 1% of the total lake volume and reaches from the water surface into the lake sediment. It was amended with 4.2 t of Carbokalk (5.95 kg m
À2
) and 6 t of wheat straw (8.5 kg m
) in the form of bales. Carbokalk is a byproduct of sugar industries and consists of dried carbonation mud, formed after lime clarification of raw sugarbeet juice. It contains nonsugar compounds of the beets and c. 50% of lime and functions as easily degradable organic matter and neutralizing agent (Frömmichen et al., 2004) . The wheat straw acts as a longterm carbon and nutrient source and as a physical barrier to slow down mixing and oxygenation near the sediment-water interface (Koschorreck et al., 2002) . In July 2004, additional Carbokalk (2.1 t, 2.98 kg m À2 ) was added to counteract a decrease in sulfide mineral formation. Sediment cores were taken in May 2003 by gravity coring (Uwitec, Mondsee, Austria). The pH of the sediment was between 2.7 and 3 and of the enclosure sediment between 5.1 and 6 (Koschorreck et al., 2007) . Samples from the top 7.5 cm were frozen in liquid nitrogen and stored at À 20 1C until DNA preparation. Water samples were taken from the enclosure as well as from the northern basin outside the enclosure with a vertical sampler from the surface (0.1 m) down to the deepest (6 m) water layers in 2 m intervals from the pelagial zone and stored in precleaned, sterile bottles in the dark on ice before filtration. Both the water samples from the enclosure and from the northern basin had a pH of 2.6-2.7 and were completely oxic. Water samples for generating 16S rRNA gene clone libraries were also taken in May 2003, pooled and filtered through polycarbonate filters with a pore size of 0.2 mm (Millipore, Schwalbach, Germany), supported by cellulose nitrate filters with a pore size of 0.45 mm (Sartorius, Göttingen, Germany). After filtration of a 250 mL sample, the filter was washed with 20 mLTE buffer and stored at À 20 1C until DNA preparation. Water samples for whole cell hybridization analyses were taken in May, July, September and December 2005 as well as in June 2007. After filtration the cells were fixed for 30 min at room temperature with 4% (w/v) paraformaldehyde in phosphate-buffered saline (PBS) (130 mM NaCl, 10 mM sodium phosphate buffer, pH 7.4), washed with PBS and distilled water and stored at À 20 1C.
Reference strains
The reference strains Acidobacterium capsulatum DSM11244 
.5] at room temperature without shaking. Gemmatimonas aurantiaca was cultured in liquid R2A medium (DSMZ medium 830) at 30 1C without shaking. Liquid cultures were prepared for the whole cell hybridization analyses as described for the lake water samples.
DNA preparation, 16S rRNA gene cloning and sequencing
For water samples, DNA was extracted from the filters according to Maher et al. (2001) with the modification that the filters were incubated overnight in lysis buffer. DNA from sediment samples was extracted following the protocol of Blöthe (2004) . After neutralization of 50 g acidic sediment with 1 N NaOH, 100 mL of a 100 mM EDTA/50 mM Tris-HCl pH 8.0 buffer were added. The extraction method includes lysozyme and sodium dodecyl sulfate treatment, followed by extensive cetyl-N,N,N-trimethylammonium bromide (CTAB), phenol and chloroform extraction steps and several isopropanol precipitation steps. Finally the extracted DNA was purified from an agarose gel and used in several dilutions for PCR. Bacterial 16S rRNA gene fragments were PCR-amplified and cloned as described elsewhere using the universal primers 27F and 1492R (Lane, 1991) . Clone libraries were screened by amplified rRNA restriction analysis (ARDRA) and hierarchical cluster analysis of the ARDRA patterns as described by Kleinsteuber et al. (2006) . Partial DNA sequencing of representative clones was performed with BigDye RR Terminator AmpliTaq FS Kit 1.1 (Applied Biosystems, Weiterstadt, Germany) and the sequencing primers 27F and 519R (Lane, 1991) . For almost complete sequencing of selected acidobacterial clones, sequencing primers 27F, 357F, 530F, 926F, 1114F, 519R, 1100R and 1492R (Lane, 1991) were used. Capillary electrophoresis and data collection were carried out on an ABI PRISM 310 Genetic Analyzer (Applied Biosystems). Data were analyzed by ABI PRISM DNA SEQUENCING ANALYSIS software and 16S rRNA gene sequences were assembled by ABI PRISM AUTOASSEMBLER software. The BLASTN tool (www.ncbi.nlm.nih.gov/BLAST; Altschul et al., 1990 ) was used to search for similar sequences in the GenBank database, and the Seqmatch tool was used to search for similar sequences compiled by the Ribosomal Database Project -II Release 9.4 (http://rdp.cme.msu.edu; Cole et al., 2005) .
The determined 16S rRNA gene sequences were deposited in the GenBank database under accession numbers EF104948-EF104980.
Phylogenetic analysis and probe design
The phylogenetic analysis was accomplished with ARB software, version Linux Beta 030822 (http://www.arb-home.de) (Ludwig et al., 2004) . The determined sequences were initially aligned to the SILVA SSURef database (release 90; www.arb-silva.de) by the ARB Positional Tree Server and added to the SILVA tree using the ARB Quick Add Parsimony tool and applying a bacteria-specific filter. The alignment was verified by automatic alignment to the next relative sequences and corrected manually. Final tree positions and bootstrap values were calculated by the ARB Parsimony Interactive tool.
The Probe Design tool of the ARB package was used to design a degenerate probe targeting subdivision 1 of the Acidobacteria phylum including all acidobacterial sequences retrieved from mining lake 111. Furthermore, the Probe Match tool of the Ribosomal Database Project -II Release 9.52 was used to check the specificity and sensitivity of all probe variants based on the RDP dataset.
Whole cell hybridization with labeled oligonucleotide probes and 4
Cy3-and Oregon Green-labeled oligonucleotides were purchased from MWG Biotech (Ebersberg, Germany). Hybridization of filter sections with oligonucleotide probes, counterstaining with DAPI for determination of total cell counts and mounting for microscopic evaluation were performed according to Glöckner et al. (1996) . Probe EUB338 I was used in equimolar mixture with EUB338 II and EUB338 III for enumeration of bacterial cells. Hybridization and washing conditions were optimized for the newly designed probe ACIDO228 by testing formamide concentrations between 0% and 40% and with A. capsulatum cells as positive control and G. aurantiaca cells as negative control. Hybridization was performed with a Cy-3-labeled ACIDO228-probe and an Oregon Green-labeled EUB338-probe mix at formamide concentrations of 0%, 10%, 20%, 30%, 35%, and 40%. The applied probes are listed in Table 1 .
Results
Acidobacterial 16S rRNA genes in mining lake 111 ARDRA screening of 1978 clones retrieved from water and sediment samples and subsequent partial sequencing of representative clones revealed that 33 phylotypes comprising 288 clones were affiliated with the phylum Acidobacteria. All acidobacterial phylotypes were members of subdivision 1 and comprised about 7% of the sediment clones from either sites, about 15% of the water clones retrieved from the untreated lake, and 37% of the clones retrieved from the enclosure water. Other predominant phyla represented in the water clone libraries were Alphaproteobacteria (23% of the lake water clones, 12% of the enclosure water clones), Betaproteobacteria (10% of the lake water clones, 4% of the enclosure water clones), and Gammaproteobacteria (26% of the lake water clones, 23% of the enclosure water clones). Other phyla comprising Nitrospira (genus Leptospirillum), Planctomycetes, Actinobacteria (genus Acidimicrobium), candidate division TM6 and plastid sequences of diatoms as well as unclassified bacteria were present in minor proportions (S. Kleinsteuber et al., unpublished data) . The sediment clone libraries were more diverse and dominated by Gammaproteobacteria (32% of the lake sediment clones, 21% of the enclosure sediment clones); the remaining clones represented Alpha-, Beta-, and Gammaproteobacteria, Bacteroidetes, Planctomycetes, Nitrospira (genus Leptospirillum), Firmicutes (genera Desulfosporosinus and Alicyclobacillus) as well as plastid sequences and unclassified bacteria (Meier et al., 2006) . The phylogenetic relationship of the acidobacterial 16S rRNA gene sequences to cultured representatives of Acidobacteria subdivision 1 is illustrated in Fig. 1 . Sequence similarity between the clones ranged from 92% to 99% BLAST identity. Sixteen of the 33 sequenced acidobacterial clones were closely related to acidobacterial strains isolated from acidic or metal-rich ecosystems such as strain CH1 (accession no. DQ355184; Diaby et al., 2007 ) from a copper tailings impoundment, strain WJ7 (accession no. AY096034; Hallberg & Johnson, 2003) from an acid mine drainageimpacted wetland, and strains PK35 (accession no. AY765993) and KP3 (accession no. AY765992) isolated from a streamer in acid mine drainage from a copper mine (Hallberg et al., 2006) . The remaining sequences formed clusters next to isolates obtained from different soils and a sphagnum peat bog.
Design of probe ACIDO228 and optimization of the hybridization conditions
A probe was designed to cover a maximum possible of Acidobacteria-affiliated sequences retrieved from mining lake 111 as well as Acidobacterium capsulatum and the catalogued sequences in subdivision 1 (Hugenholtz et al., 1998) of the Acidobacteria phylum. To achieve this coverage it was necessary to degenerate the probe in three positions. The resulting probe ACIDO228 (Table 1 ) covers 311 out of 403 subdivision 1 sequences in the SILVA SSURef database when allowing up to one mismatch. Based on the SILVA SSURef database, probe coverage includes also seven out of 121 sequences of subdivision 2, 46 out of 174 sequences of subdivision 3, 15 out of 181 sequences of subdivision 4, five out of 25 sequences of subdivision 5, three out of 330 sequences of subdivision 6, one out of 29 sequences of subdivision 8, one out of 13 sequences of subdivision 9, three out of 88 sequences of subdivision 10, and six sequences that are not assigned to any subdivision of Acidobacteria. The numbers of target and nontarget hits based on the SILVA SSURef and the RDP datasets are given in Table 2 . Some individual environmental sequences of various phyla are also covered, but the most significant group of nontarget hits are sequences representing the genus Halanaerobium (79 hits in the RDP dataset, 40 hits in the SILVA SSURef dataset).
Hybridization and washing conditions were optimized with pure cultures of A. capsulatum as positive control and of G. aurantiaca (possessing two mismatches with probe ACIDO228) as negative control. Signal intensity of ACIDO228 with A. capsulatum was optimal at formamide concentrations of 20% and sufficient with 40% formamide. Gemmatimonas aurantiaca cells were detected by ACIDO228 at 0% and 10% formamide and showed weak signals at 20%, but were not visible with 30% formamide. Both A. capsulatum and G. aurantiaca cells were stained by the EUB338 probe at any formamide concentration. To ensure high specificity, further FISH experiments with probe ACIDO228 were performed with 35% formamide. All cells detected by the probe in samples from mining lake 111 were rod shaped and were also stained by the EUB338 probe, an example is shown in Fig. 2 .
Acidobacterial abundance, seasonal dynamics and depth profile
Probe ACIDO228 was applied to water samples taken from 0.1, 2, 4 and 6 m depth in May, July, September and December 2005. Total cell counts, percentages of cells stained by probes EUB338 I-III and by probe ACIDO228 are given in Table 3 (averaged over all depths). Detection with the EUBprobe set varied between the lake and the enclosure and ranged from 25% to 70% of all DAPI-stained cells, which is comparable to other oligotrophic aquatic environments. The difference between EUB-detected cells and total DAPI counts is not due to nonbacterial (archaeal) cells, as archaeal abundance is low (unpublished data). Except for the September samples, a higher percentage of bacteria was detected with the EUB probe in the lake than in the enclosure. Acidobacteria made an important contribution throughout and ranged from 0.4 to 3.7 Â 10 4 cells mL À1 which is equivalent to 1.4-7.9% of all DAPI-stained cells. Absolute acidobacterial cell numbers and abundances relative to DAPI cell counts for each depth are shown in Fig. 3 . During the summer stratification of the lake (samples from July and September) distinct maxima of acidobacterial abundance were detected in the hypolimnion (4-6 m depth) in particular of the untreated lake ( Fig. 3a and c) , whereas during spring and autumn circulations (samples from May and December) no clear depth profile was visible. In contrast to the lake, acidobacterial abundances in the enclosure were highest in December throughout all depths ( Fig. 3b and d ).
Discussion
The 16S rRNA gene-targeted oligonucleotide probe ACIDO228 that covers most members of Acidobacteria subdivision 1 and about 61% of all sequences affiliated with the phylum Acidobacteria was developed (2480 out of 4068 in the RDP dataset). The probe was designed based on a recent database and 33 additional sequences retrieved from acidic mining lake 111. Therefore ACIDO228 is more suitable to comprehensively detect members of Acidobacteria subdivision 1 than previously described oligonucleotide probes covering only a minor fraction of the target group (Ludwig et al., 1997; Juretschko et al., 2002; Meisinger et al., 2007) . Probe ACIDO228 does not match sequences of Holophaga and Geothrix, the only validly described members of other acidobacterial subdivisions, and a minor fraction of sequences of other subdivisions (mainly subdivision 3). To cover the whole Acidobacteria phylum, probe ACIDO228 might be used in combination with the described previously phylum-specific probes HoAc1402 (Juretschko et al., 2002) or SS_HOL1400 (Meisinger et al., 2007) . Most of the nontarget sequences of probe ACIDO228 (i.e. sequences belonging to other phyla than the Acidobacteria) are either individual environmental clones or affiliated with the Halanaerobiaceae which are not expected to occur in the same habitats as Acidobacteria subdivision 1, because they are obligate anaerobes and obligate halophiles. Therefore the possibility of false-positive signals derived from hybridized cells other than Acidobacteria can be neglected under stringent hybridization conditions at least in the habitat studied here. In habitats where nontarget organisms like Halanaerobium cannot be excluded, the application of a competitor probe might be necessary. With a coverage of 61% of all sequences affiliated with the phylum Acidobacteria and 157 nontarget hits the sensitivity and specificity referred to the phylum Acidobacteria are in an acceptable range compared with other phylum-specific probes (see probeBase, www.microbial-ecology.net/probebase; Loy et al., 2003) and even more specific than the previously described probes HoAc1402 (Juretschko et al., 2002) and SS_HOL1400 (Meisinger et al., 2007) . These probes show 192 and 191 nontarget hits, respectively, when no mismatch is allowed, and even 9926 and 9684 nontarget hits, respectively, when one mismatch is allowed (based on the RDP data set, unclassified bacteria not included).
The data from 16S rRNA gene clone libraries generated from water samples indicate that Acidobacteria comprise a substantial proportion of the bacterioplankton community in mining lake 111 and that they may dominate in the enclosure water. Based on this data set, it is reasonable to assume that members of Acidobacteria subdivision 1 play a major role in this rather extreme environment. However, rRNA gene clone libraries alone do not allow conclusions to be drawn on the abundance and the general activity of target organisms. Most studies dealing with the diversity of acidobacterial 16S rRNA genes have shown that members of this phylum are widely distributed and may constitute up to 46% of the retrieved 16S rRNA gene clone sequences from soil samples (Janssen, 2006) . At present, however, there is a substantial lack of quantitative data using oligonucleotide probes for FISH or other hybridization methods, particularly in aquatic ecosystems. In this study, whole cell hybridization with probe ACIDO228 provided estimates for the abundance and distribution of Acidobacteria in the enclosure water and in the untreated lake at different sampling times and in different depths. Compared with the percentages of acidobacterial sequences in the clone libraries (15% and 37% in the lake and the enclosure water, respectively), the actual relative abundances of cells detected by probe ACIDO228 were lower (between 2-8% and 1-5% of DAPI counts, respectively). Apart from a possible overestimation of Acidobacteria in the clone libraries due to a PCR bias, this result might be explained by community shifts during the two years between both samplings. Otherwise, a low in situ detection rate of target organisms using labeled oligonucleotide probes may be caused by low bacterial activity and thus low ribosome levels of the target organisms or a reduced probe permeability of the bacterial cell wall. This is also reflected by the low percentage of DAPI-stained cells that were detected by the EUB-probe. As cells detected by probe ACIDO228 displayed a rather low signal intensity also with the EUB338 probe, which might be caused either by low cell permeability due to capsulation or by a low ribosome content typical for slow-growing, oligotrophic bacteria, the application of a signal amplification technique like CARD-FISH could improve cell detection and quantification.
Looking at the vertical and seasonal distribution, remarkable differences were observed at the various sampling times. Depth-dependent differences in relative abundances were most pronounced for the lake samples from July and September. It has been observed in previous studies that mining lake 111 shows a temperature stratification during summer and that vertical exchange was limited during the stratification period (Karakas et al., 2003) . The temperature stratification inside the enclosure is the same as in the surrounding lake due to heat conduction through the enclosure wall. The data suggest that Acidobacteria are favored in the hypolimnion which is characterized by low temperatures (2-11 1C; Meier et al., 2005) and higher availability of organic nutrients as indicated by higher dissolved organic carbon concentrations (Herzsprung et al., 1998) . This might also explain the high abundance of Acidobacteria particularly in the December sample from the enclosure. As phytoplankton biomass is approximately one order of magnitude higher in the enclosure (Zippel et al., 2001) , organic matter generated by primary production is distributed in the water column by autumn circulation and might favor growth of psychrotolerant heterotrophic bacteria. During the summer months, however, oligotrophic and psychrotolerant Acidobacteria might be outcompeted by more copiotrophic organisms with a higher temperature optimum; thus, in the enclosure Acidobacteria display their relative maximum in winter (Table 3 ) and enrich in the hypolimnion during summer stratification ( Fig. 3b and d) . In the untreated lake, however, which is characterized by low primary production throughout the year, Acidobacteria have their maximum in summer (Table 3) but are also favored in the hypolimnion (Fig. 3a and c) , where they constitute up to 13% of DAPI-stained cells. The depth distribution of Acidobacteria may also be influenced by selective grazing in the upper part of the water column. During periods of stratification, the most important grazer, the mixotrophic flagellate Ochromonas sp., occurs predominantly at 0-4 m depth in the enclosure (Tittel & Kamjunke, 2004) as well as in the untreated lake (Tittel et al., 2003) . In contrast to the Acidobacteria, many of the other bacteria especially in the untreated lake are filamentous (unpublished data) and thus resist protozoan grazing.
The results support the suggestion of Eichorst et al. (2007) that subdivision 1 Acidobacteria are adapted to lownutrient environments but are not obligate oligotrophs. Besides their pH optimum in the mild acidic to acidic range this might be another reason for their wide distribution in acid mine drainage waters.
Growth of soil Acidobacteria of subdivision 1 is believed to be favored by slight to moderate acidity (Sait et al., 2006; Eichorst et al., 2007) . This is supported by the observation that in various culture-independent surveys high abundances of Acidobacteria were detected in bogs, forest soils or soils and wetlands impacted by acid mine drainage waters or reject coal (Barns et al., 1999; Edwards et al., 1999; Brofft et al., 2002; Juottonen et al., 2005; Dedysh et al., 2006; Hallberg et al., 2006) and that soil Acidobacteria of subdivision 1 are found in higher abundance in mildly acidic to acidic soils (Eichorst et al., 2007) . Stevenson et al. (2004) found that increased CO 2 partial pressures or low pH improve the culturability of soil Acidobacteria. However, as the medium pH drops significantly at elevated CO 2 , it is difficult to distinguish pH and CO 2 effects. Thus Sait et al. (2006) , who found no significant effects of elevated CO 2 , suggested that a lowered pH promotes growth of Acidobacteria from soil. Also Eichorst et al. (2007) concluded that soil Acidobacteria grow better under elevated CO 2 due to the mild acidification of the medium.
Acidobacteria thriving in acid mine drainage systems seem to be adapted to more acidic conditions (pH 2-3) than Acidobacteria from soil (Kishimoto et al., 1991; Edwards et al., 1999; Hallberg & Johnson, 2003; Hallberg et al., 2006) . When mining lake 111 is stratified, CO 2 concentrations in the hypolimnion measured as total inorganic carbon are higher (around 10 mg L À1 ) than in the epilimnion (below 1 mg L À1 ) (Herzsprung et al., 1998; Zippel et al., 2001) . However, the pH is slightly higher in the hypolimnion (about 0.1 U) thus supporting the idea that Acidobacteria in acid mine drainage environments benefit from elevated CO 2 concentrations. Hallberg & Johnson (2003) isolated an acidobacterial strain from acid mine drainage waters, which grew better under microaerobic conditions. However, preference for reduced oxygen concentrations seems not to influence the distribution of Acidobacteria in mining lake 111, as the water column was completely oxic and O 2 concentrations at a depth of 6 m were as high as near the surface (data not shown). The development and application of probe ACIDO228 gave new insights into the distribution of Acidobacteria in an acidic lake habitat. At present, it can only be speculated about the ecosystem processes in which they are involved. The probe developed in this work can be instrumental for monitoring acidobacterial communities. It will be valuable for conducting ecological experiments at varying temperature, O 2 , CO 2 or nutrient conditions under near-natural conditions, and thus help to elucidate the ecophysiological function of Acidobacteria and to facilitate their cultivation. 
